Debate regarding new policies to reduce greenhouse gas emissions, such as the Clean Power Plan (CPP) has focused on the significant implied changes such policies will have for the national energy system, and the national economy. Less debate, however, has occurred regarding the impact such policies will have on significant fossil fuel producing regions in the country. Such impacts are important to consider, both from an equity and political perspective. If some regions are impacted more than others across a national society, this could create political opposition that could undermine the implementation of such policies. The purpose of this paper is to present one such impact analysis, estimating the potential economic effects the CPP could have on Wyoming, the nation's largest coal producing state. The paper also highlights how such estimates are heavily dependent on the initial simulation assumptions used to generate them. Using two sources of simulations, from Godby et al. (2015a) , and a later set from the Energy Information Administration (EIA), estimates of the potential impact of the originally proposed CPP rules on Wyoming economy are described. Simulation results are shown to be highly sensitive to how policy is implemented, and modeling assumptions. Regardless of the simulation, however, economic impacts of the CPP are shown to be severe to a producing state like Wyoming, potentially reducing that state's employment by over 3%, and reducing state revenues by 14% or more.
Introduction
Debate regarding new policies to reduce greenhouse gas emissions, such as the Clean Power Plan (CPP) in the United States, has focused on the significant implied changes such policies will have for the national energy system, and potentially to the national economy. Less debate, however, has occurred regarding the impact such policies will have on significant fossil fuel producing regions in the country. Many of these regional economies depend primarily on fossil fuel extraction, and reductions in the demand for such fuels will have significant impacts on regional economies.
Such impacts are important to consider, both from an equity perspective and also from a political perspective. From an equity perspective, one might ask whether the country, in implementing such a national policy, should be concerned with the fact that the policy impacts will weigh more heavily on some areas than others. Furthermore, there is also a potential need to address the issue of regional or local impacts from a political perspective. If some regions or groups are impacted much more than others across a national society, this can create political opposition that could undermine the implementation of such policies. If empathy for those experiencing the greatest impacts is severe enough, the political ability to implement such policies may be limited due to the creation of "blocking coalitions," undermining the passage of such policies legislatively unless regional recovery assistance is undertaken.
Given these issues, climate policies may require three questions to be considered regarding their implementation. First, what are the effects on the national and local and regional economies of such programs? Second, if local and regional impacts are more severe than the impacts across the national society, should $ An impact analysis estimating the potential economic effects of the Clean Power Plan on Wyoming highlights how such estimates are heavily dependent on the initial simulation assumptions used to generate them. Simulation results also are highly sensitive to how policy is implemented, and modeling assumptions. Regardless of the simulation, economic impacts of the CPP are shown to be severe to a coal-producing state like Wyoming, potentially reducing that state's employment by over 3%, and reducing state revenues by 14% or more.
anything be done? Thirdly, if something is to be done, what should these actions be? The answers to these questions are not clear. To address them there must be an estimation of what the potential policy impacts might be so that the scale of the problem can be defined, and potential aid solutions identified.
The purpose of this article is to present one such analysis, estimating the potential impact the CPP could have on Wyoming, the nation's largest coal-producing state. Wyoming produces approximately 40% of the nation's coal, and as much as the next six coal-producing states combined. Potential impacts of the CPP on Wyoming coal production were detailed in Godby et al. (2015a) . The purpose of this article is to describe how those production outcomes could affect a state economy heavily reliant on coal production.
Such estimates are also heavily dependent on the initial simulation assumptions used to generate them. Using two sources of simulations, from those detailed in Godby et al. (2015a) , and a later set from the Energy Information Administration (EIA), estimates of the potential impact of the originally proposed CPP rules on the Wyoming economy are described. Simulation results are shown to be highly sensitive to how policy is implemented. The results also highlight how sensitive projections of potential impacts of a regulatory plan like the CPP are to modeling assumptions and differences in model implementation.
Previous projections and impact estimates of the Clean Power Plan on Wyoming
The Clean Power Plan as proposed in 2014 defined a set of declining state-specific emissions rate targets for carbon dioxide (CO 2 ) from existing and new or modified fossil-fueled electricity generation plants from 2020 to 2030. Overall, the proposed rules would eventually result in a 30% reduction in total U.S. CO 2 emissions from power plants relative to 2005.
1 To meet these goals for existing plants (the so-called 111(d) portion of the rules), the Environmental Protection Agency (EPA) proposed a "building block approach," which included utilizing (1) heat rate improvements, (2) re-dispatch of power generation from coal to less intensive combined-cycle natural gas, (3) re-dispatch of power generation from coal or natural gas to renewable or carbon-free nuclear generation, or (4) demand-side use of energy efficiency.
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Projections of the potential impact of the proposed 2014 Clean Power Plan rules on Wyoming coal production from 2015 through 2040 were presented in Godby et al. (2015a EIA, 2014) , are shown over time in Fig. 1 , and the percentage changes summarized by scenario in Fig. 2 . As shown in the figures, coal production projections in Wyoming are highly sensitive to policy implementation nationally: whether energy efficiency is used by all states or not, and whether cooperation is limited among states or occurs at a national level. Comparison of the coal production scenarios presented in Figs. 1 and 2 suggests the regulatory impact of the 2014 CPP proposal on Wyoming coal production would be severe, with maximum declines by scenario ranging from over 32% to near 50% relative to 2012 production levels.
Using the production outcomes described in Fig. 2 , impacts on the state economy for the proposed regulations were estimated in Godby et al. (2015b) . They found that even in the best-case scenario, a loss of over 2% of jobs could occur in Wyoming compared with employment levels in 2012. 5 Other scenarios exhibit greater losses. Godby et al. (2015b) also detailed Wyoming region-specific impacts, finding that overall, the impacts of the proposed regulations in the worst case would be especially destructive to the economy of the Powder River Basin region, where over 96% of the state's coal is mined, and where almost one job in 10 would be eliminated.
Complicating the analysis of the economic impact of the EPA 111 (d) rules on the Wyoming economy is the potential to use fuel switching between coal and natural gas as a compliance option. Since Wyoming is a large producer of natural gas, potentially mitigating effects in the natural gas sector must be accounted for in determining the overall effect of the CPP regulations on the state. Estimated the total combined effects of the CPP across the natural gas and coal sectors, however, indicated that though CPP rules compliance time-paths relative to interim CPP targets, which would then potentially alter the timing of coal and natural gas production changes, and their economic impacts. 5 Using employment levels in 2012, this was equivalent to the loss of over 10,000 jobs. These included coal-production and support sector job losses, as well as those induced due to the income reductions and resultant expenditure declines these losses would create in other state sectors. They did not include additional job losses that may be caused due to state revenue losses and reductions in state spending that could occur to balance any state budget shortfalls. Methods are described further in Godby et al. (2015b) .
potentially stimulate Wyoming natural gas sector production, this does not fully offset employment losses in the state's coal industry. This is shown in Figs. 3 and 4. Comparing employment changes, the negative impact to the state from reduced coal production is approximately two to four times larger than the positive natural gas employment effects. The potential impacts of proposed carbon regulations on Wyoming state revenues are also severe. Wyoming has no state income or corporate profit taxes and derives a majority of its incomes from state energy revenues. Combined coal and gas effects on state revenues are shown in Fig. 5 . Overall, proposed carbon regulations result in a predicted decline in the state's revenues of between 36% and 46%, by 2030.
EIA Clean Power Plan coal production projections: sensitivity of forecasts to model assumptions
In addition to the simulations detailed in Godby et al. (2015a,b) , the EIA (EIA, 2015a) released its own NEMS simulations of the proposed 2014 CPP rules in May 2015. The resulting Wyoming economic impacts extracted from these simulation results are detailed below using the same models as those used in Godby et al. (2015b) . The EIA simulations differ from those used in Godby et al. in several ways. First, the EIA used updated baseline assumptions in AEO2015 (EIA, 2015b) from those in AEO2014 (EIA, 2014), reflecting more current energy market conditions than those used as the baseline for the projections used in Godby et al. Second, there are some important differences in how EIA treats energy efficiency and defines "cooperation" compared to the simulations used in Godby et al. Finally, there are few directly comparable scenarios between the EIA and simulations used in Godby et al. The EIA analysis included a base policy case and 13 policy side cases to determine the sensitivity of outcomes to alterations in assumptions under which the CPP is implemented, while Godby et al. considered four policy scenarios defined over the possible combinations or national or regional trading and the use (or not) of energy efficiency.
The differences in the design of scenarios considered by Godby et al. and EIA reflect the fact that the former effort was a simulation experiment meant to estimate the potential range of impacts two specific policy choices could have on CPP outcomes, while the EIA scenarios, conducted in response to a Congressional request, present how the agency presumed the program might actually be implemented. Table 1 The base policy case is implemented utilizing the CPP rules as proposed in 2014 while otherwise utilizing assumptions consistent with the AEO2015 reference case. The EIA analysis also describes a "policy extension" case in which it is assumed the CPP reductions become more stringent after 2030, rising to a 45% reduction in CO 2 emissions relative to 2005 levels in the power sector between 2030 and 2040.
6 Several differences are immediately obvious in Table 1 Design of EIA CPP regulatory policy scenarios considered.
Simulation treatments used in Godby et al. (2015a,b) Simulation treatment No energy efficiency Energy efficiency Regional cooperation National cooperation EIA base policy case X X EIA extended policy case X X EIA no energy efficiency X X EIA extended energy efficiency a X EIA national cooperation X X EIA limited regional trade b X X a Energy efficiency sensitivity to price incentives is assumed higher than in other treatments that include energy efficiency being used as a compliance option (see text). b Regional cooperation limited to be no greater than in Reference case (see text). comparing Wyoming production over time between the EIA and Godby et al. simulations. First, comparing the AEO2014 and 2015 time paths, Wyoming coal production averages 5% higher from 2020 to 2032 in the AEO2015 projection than in the previous reference case, with the difference especially pronounced between 2020 and 2032. Much of the difference in reference outcomes can be attributed to changes in oil and natural gas price assumptions, reflecting the lower oil prices that occurred in world markets in late 2014 through 2015 that were unanticipated in the AEO2014 reference case. Results are also impacted to a lesser extent by changes in assumptions regarding coal production costs in the Powder River Basin (PRB).
Comparison of the oil price assumptions used in AEO2014 and AEO2015 is illustrated in Fig. 7 . The 2015 projection shows how previously unanticipated low world oil prices that occurred in late 2014 are incorporated in the 2015 forecast. Declines in oil prices reduce co-produced natural gas production and increase natural gas prices, as shown in Fig. 8 . These price increases result in less use of natural gas in the production of electricity in the period from 2020 to 2028, and greater use of coal.
7 Increased production of coal is also due to a significant reduction in assumed coal production costs, also shown in Fig. 8 , which make coal more competitive and 7 Periods before and after these years actually experience lower natural gas prices than projected in AEO2014 due to other changes in the AEO2015 assumptions in the natural gas market, especially increased production in the northeastern United States. For a summary of the differences in assumptions and results between AEO2014 and AEO2015, see Annual Energy Outlook 2015, Appendix E, http://www. eia.gov/forecasts/aeo/appendixe.cfm (accessed June 18, 2015). increase its demand in electricity generation in the AEO2015 reference projections.
The second obvious difference between EIA and Godby et al. coal production projections is due to the timing of emissions reductions assumed in the two forecasts. EIA's base and extended policy cases suggest much more modest reductions in Wyoming coal output than Godby et al. through 2030. The worst EIA decline in this period occurs in the mid-2020s and results an approximate 25% decline relative to 2012 production levels. Even in the extended case when emissions reductions are increased to 45% by 2040, coal output remains above the worst of the Godby et al. outcomes.
The simulations used in the Godby et al. studies assume that reductions due to the CPP occur using the timetable of state reduction targets the EPA's 2014 proposal defined. States, however, did not have to implement the same timing of emissions reductions, and could delay them as long as the average emission reduction between 2020 and 2029 was equivalent to that the EPA targets defined. This steeper "glidepath" assumption is utilized in the EIA projections, and combined with a reduction in the assumed cost of renewables in AEO2015, results in an important outcome. While both projections meet the 2030 goal and interim average targets of the CPP, the EIA simulation allows greater early use of coal than the previous studies presume, and later in the simulation period when renewables are cheaper, greater reductions are made using these technologies than in those studies. 8 In short, EIA presumes a lesser role for natural gas and a greater one for renewables than the earlier simulations used in Godby et al., and for this reason, coal production is higher throughout the EIA simulations shown.
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The third difference between EIA and the simulations used in Godby et al. is shown in Fig. 9 . Variation between policy scenarios is far lower in the EIA simulations than shown in the Godby et al. simulations shown in Fig. 1 , where differences in between scenario results could be as high as 100 million tons in a given year. The reason for these differences is in part due to differences in the definition and implementation of energy efficiency and cooperation across the two sets of projections.
Across cooperation cases, EIA and the simulations used in 8 Other reasons also matter to a lesser extent and are not detailed here. One is that EIA simulations allow heat rate improvement to occur while the simulations used in Godby et al. did not estimate the impact of this measure. The impact of this change, however, is small and can be evaluated in the heat rate sensitivity scenarios EIA provides. 9 EIA (2015a) includes a sensitivity case in which the EPA's interim target glidepath is met, and Wyoming coal production is decreased relative to the baseline cases they present.
menting a national trading system to minimize emission reduction costs. As shown in Fig. 9 , the Godby et al. national cooperation with energy efficiency case is very close in outcome to the EIA national cooperation case, especially when one considers the underlying reference case differences. Similarly, the Godby et al. regional trading with EE case is similar to the limited trade case from EIA that includes energy efficiency efforts, once underlying reference conditions are considered. Where scenarios differ most is in the energy efficiency cases. Simulations used in Godby et al., impose the EPA's estimated levels of energy efficiency they presume possible by states as constraints to be met in the energy efficiency cases. 10 Many states argued these levels of energy efficiency were both not cost effective and overly optimistic. 11 EIA approached the estimation of possible energy efficiency standards quite differently, relying on an internal study that examined energy efficiency deployment sensitivity and state incentives. Their modeling resulted in reduced levels of energy efficiency deployment relative to EPA estimates. This reduces the sensitivity between energy efficiency cases in the EIA and Godby et al. results.
Overall, these results indicate the complex interactions that could potentially occur when baseline assumptions regarding natural gas pricing and coal costs are altered, when assumed compliance paths are changed, and when compliance actions like energy efficiency are actually modeled. The resulting outcomes can have significant effects on implied coal production outcomes. The EIA analysis suggests the Clean Power Plan as proposed in 2014, while having serious implications for future Wyoming coal output, may nonetheless have less serious consequences than the previous Godby et al. simulations suggested. These production differences can be seen directly by comparison of Figs. 2 and 10 , especially the cases with high energy efficiency and without energy efficiency compliance (all of which presume regional cooperation). Compared to EIA outcomes, the previous Godby et al. cases predict as much as twice the impact on Wyoming coal output as the EIA simulations predict.
Estimated Wyoming economic impacts based on EIA projections
Figs. 1, 12 and 13 describe the employment impacts of the CPP on Wyoming through 2030, considering both impacts on coal and natural gas production. The model used is the same impact model used to produce the estimates in Figs. 3 and 4 . Fig. 11 shows how higher coal production projections result in less employment loss compared to Fig. 3 . Fig. 12 , however, presents a surprise. Where the Godby et al. outcomes predict a switch from coal to natural gas as the primary means of meeting the CPP, EIA projections imply that by 2030 renewables are the primary pathway to meeting reduction targets, and that natural gas plays a far smaller role in meeting mandated targets. In the EIA results, the resulting Wyoming natural gas production does not increase to the degree it did in Godby et al. This then implies very limited employment gains in that sector for the implementation of the originally proposed CPP rules. Fig. 12 . Natural gas employment effects using EIA projections. Fig. 13 . Combined Wyoming coal and gas employment effects using EIA projections. Combining both coal and natural gas impacts in the EIA simulations results in the estimated total employment effects shown in Fig. 13 . Comparison to Godby et al. effects described in Fig. 4 indicates the two analyses differ only in how the regulations impact the natural gas and coal sectors-the overall the employment impact on the state is very similar regardless of the simulation used. The worst case in Godby et al. is slightly more adverse at 3.2% employment loss overall compared to 2012, but otherwise both simulation results imply a 2.4-2.9% decline in Wyoming employment due to the CPP regulations. Though there are differences in sectoral employment in the coal and natural gas sectors, the changes across the two simulations in these two industries have offsetting effects and lead to little aggregate change across the forecasts. Where in the Godby et al. analysis natural gas increases offset a portion of the coal employment losses, in the EIA scenarios, natural gas offsets little of the coal impact, and by 2030 natural gas impacts are increasing employment losses.
In contrast to the predicted economic conditions in Wyoming, which remain similar across forecasts, the EIA productionderived state revenue projections are far less volatile than those estimated in Godby et al. (2015b) . Because across EIA scenarios the losses to coal are not as severe, and natural gas production is predicted to be far less volatile by scenario than the Godby et al. cases, total energy revenue losses are predicted to be near 14% by 2030 in all cases, as shown in Fig. 14. This is to less than half of the least costly Godby et al. case previously estimated. As in the economic impacts, revenue outcomes are less sensitive to scenario, but suggest significant losses in revenue relative to a no-regulation alternative.
Conclusions
Comparison of EIA simulation results regarding the originally proposed Clean Power Plan's potential implications for Wyoming coal production to previous studies indicates the estimation of potential impacts of these regulations on the state's economy prove very sensitive to assumptions and the modeling differences. Comparison of the Godby et al. (2015b) results to results derived from more recent projections from the EIA suggest that differences in outcomes can be attributed to three major considerations: design of the simulation experiments, the assumptions used in deriving projected results-especially assumptions regarding economic conditions in energy markets and technology costs, and in the implementation of the simulation programming used.
By design, the Wyoming simulations in Godby et al. were meant to emphasize the potential implications for Wyoming of policy choices facing other states regarding energy efficiency and cooperation. Results reflect this, with results highly sensitive to the policy decisions. Further, those simulations imposed EPA's energy efficiency assumptions from their 2014 Clean Power Plan on the simulations, which may have overstated the potential use of such measures for compliance once their cost is considered. EIA results are far less volatile, in part because of the lack of differences in scenario assumptions meant to describe how the agency thought the regulation would most likely be implemented. Most EIA scenarios have regional cooperation comparable to that in the Godby et al. studies and also include some degree of energy efficiency. Energy efficiency efforts, however, are not as great as those assumed previously because they are constrained by cost considerations and alternative choices in energy investment. The EIA study also presumes that compliance efforts by states occurs later than in the simulations in Godby et al. This "glidepath" change, combined with lower assumed renewable generation costs results in less impact on Wyoming coal production in the EIA simulations for the proposed 2014 CPP rules.
Overall, the comparison of the Godby et al. and EIA results indicate the complexity in estimating potential impacts for new regulations, and demonstrate the potential sensitivity of results when baseline assumptions regarding natural gas pricing and coal costs are altered, when assumed compliance paths are changed, and when compliance measures like energy efficiency effort are actually modeled.
EIA projections suggest that the CPP impacts on coal production in Wyoming, and therefore the United States will be far less impacted than the previous Godby et al. analysis suggested. Simulation estimates of production declines of 25% may be more reasonable than earlier estimates of 50% declines. Employment outcomes, however, seem robust to the changes in simulation design. In both Godby et al. and new estimates based on EIA simulations, the state of Wyoming is estimated to face a reduction of as much as 3% employment relative to 2012 levels by the time the CPP is fully implemented. Results from the EIA-based CPP impacts suggest that while the sectoral employment impacts differ between the coal and natural gas sectors across the simulations, the overall employment predictions do not.
State government revenues are also far less volatile in the updated results. Coal revenue losses are not as great in the EIA projections as in the earlier Godby et al. analysis. Across scenarios, EIA overall energy revenues are predicted to experience a decline of approximately 14% relative to the case without regulation. Like the employment outcomes estimated, the state of Wyoming is still impacted significantly over time by the proposed regulations despite the fact that the EIA modeling avoids some of the much larger losses previous projections suggested could be possible.
Given the final rule changes to the CPP announced in August 2015, however, can results presented here inform how Wyoming impacts are likely to occur? The 2015 final rule has several important changes. It is stricter, aiming at a 32% reduction in CO 2 emissions by 2030 instead of the original plan's 30%. Additionally, the program begins later and imposes a steeper glidepath on required reductions. Energy efficiency, while still a potential compliance strategy, is no longer a primary tool the EPA used to define state goals. Given these outcomes, one could presume that the 2015 rules would be more likely to cause states to choose compliance paths similar to those in the EIA simulations relative to those in Godby et al. The EIA simulations delay early reductionssparing coal somewhat, and rely less on natural gas and energy efficiency, and more on renewable energy as a compliance pathway. This is all consistent with the final rules announced in August 2015.
Further, with more recent oil, and lower renewable energy and coal cost estimates, updated oil market predictions, the EIA estimates are also more consistent with current energy market conditions. This suggests that the EIA modeling may more realistically portray how the Clean Power Plan will be implemented across states even it if was based on earlier rules and therefore may present a better guess at what future outcomes for electricity production, coal production in Wyoming, and the impacts on that state's economy might be.
